ABSTRACT
INTRODUCTION

Actinomycetes
are the major producers of pharmaceuticals, agricultural pesticides, and veterinary medicine because of their ability to produce antibiotics. Among the actinomycetes, the genus Streptomyces has continued to provide a larger number and wider variety of new antibiotics than any other genus, suggesting that a substantial number of
Streptomyces species or strains with novel antibiotic productivity exist in nature. These bacteria produce about 75% of commercially and medically useful antibiotics (3, 18) .
Moreover, approximately 60% of the antibiotics developed for agricultural use are isolated from Streptomyces spp. (26) .
Fungal pathogens have been the major culprits for significant agricultural losses due to the plant diseases that they cause; they are also the causal agents of many medically important diseases. Therefore, currently, there is an immense need for antifungal agents. Several members of the streptomycetes family have been reported as potential biocontrol agents and as the potent producers of antifungal compounds (16, 24) , indicating that these filamentous bacteria possess a vast potential for producing antifungal metabolites. In search for antifungal agents, Streptomyces strains have been isolated from various types of soils, including rice paddy, lake mud and were filled in their respective jars and were connected to the fermenter. The pH electrode was sterilized using 70% ethanol and was adjusted The preculture was prepared by inoculating the isolate CTF9 from well-grown plates into 12 x 250 mL of M 2 medium in 1-L Erlenmeyer flasks (total volume: 3 L). The flasks were incubated at 28°C on a linear shaker for 4 days;
10% of the preculture was used to inoculate the fermenter. The growth parameters were adjusted as follows: temperature 28°C, pH 6.5 ± 1.5, and aeration 1.8 m 3 /h. Fermentation was conducted for 5 days.
Extraction and purification of the active compounds
After harvesting the dark brown culture, the broth was filtered over celite using a filter press (Schenk Niro 212 B40)
to separate the mycelium from the liquid phase. The mycelial cake was extracted using ethyl acetate (3 times) and acetone (1 time 
RESULTS
Purification and structure elucidation of the active compounds
The bulk fermentation was performed in a 50-L fermenter (Biostat U) (working volume: 30 L) using M 2 medium. After harvesting, cell separation and solvent extraction, 5.64 g of the crude extract was obtained from both the mycelium and the liquid phase. The components of the crude extract were purified using silica gel column, preparative TLC and gel exclusion chromatography, yielding two pure compounds Antifungal metabolites from the Streptomyces identified as phenylacetic acid and indolyl-3-lactic acid by 1 H, 13 C NMR and mass spectrometry and by comparison to the published data.
Phenylacetic acid (1)
Compound 1 was isolated as a colorless, UV-absorbing solid and stained yellow on TLC by anisaldehyde/sulphuric acid spraying reagent. According to its chromatographic properties and spectroscopic data, compound 1 was identified as phenylacetic acid. The result was further confirmed by searching in AntiBase (14) and by comparing its MS and NMR data to those of an authentic sample (19) . p- (Table 1) . Under the CC2 culture conditions, the medium D showed significant impact on the growth of CTF9, followed by the medium F, inducing the second highest yield. Under the CC3 culture conditions, the medium F showed the most significant increase in the weight of the crude extracts, in addition, a significant, but lesser, impact on the yield was also observed in the media E and D. Under the CC4 culture conditions, the medium D yielded the maximum quantity of the crude extracts, and the second highest yielding was the medium F, which yielded a significantly higher quantity of the crude extracts, compared to the media A, B, C and E (Table 1) .
Similarly, different culture conditions (CC1 to CC4) exhibited significantly different impacts on the growth of the strain Streptomyces sp. CTF9 and the yield of its active metabolites. In case of the media A and B, significant effects on the yield were observed under the CC4 culture conditions, compared to the other culture conditions, i.e., CC1, CC2 and CC3 (Table 1 ). In case of the medium C, the impacts of the CC2 and CC4 culture conditions were maximal and (Table 2) . Under the CC2 culture condition, the medium E induced a significant antimicrobial activity against Candida albicans, whereas the medium C induced a significant antimicrobial activity against Mucor miehei. Under the CC3 culture conditions, the media B, D and F induced the most significant antimicrobial activity against both test organisms. In case of the CC4 culture conditions, the optimal antimicrobial activity against both test organisms was seen in the crude extracts from the media A and E (Table 2) .
Similarly, different culture conditions (CC1 to CC4) also induced comparable antimicrobial responses in a specific culture medium with slight deviations in some cases. In case of Antifungal metabolites from the Streptomyces the medium A, the CC4 and CC2 culture conditions showed significant impacts on the antimicrobial activity against both test organisms, compared to the CC1 and CC3 culture conditions ( Table 2 ). In the medium B, the CC3 culture conditions showed a significant impact on the antimicrobial activity, compared to the other culture conditions. In the medium C, the optimal antimicrobial response was observed under the CC2 culture conditions. In the medium D, the culture conditions CC1, CC2 and CC4 showed comparable impacts on the antimicrobial activity against both test organisms; however, compared to CC3, the antimicrobial activity against Candida albicans was weaker, whereas the antimicrobial activity against
Mucor miehei was stronger. In the medium E, the impacts of the culture conditions CC4 and CC2 on antimicrobial activity were comparable and were more significant, compared to those of CC1 and CC3, against both test organisms. In case of the medium F, the extracts from the culture conditions CC3 and CC4 exhibited significantly higher antimicrobial activity against both test organisms, compared to those from CC1 and CC2 (Table 2) . antifungal activity of phenylacetic acid has been reported by many studies (7, 11, 15) , suggesting that it is a potential agroactive and biocontrol agent. In microbial antibiotic production, phenylacetic acid is added as a precursor to the culture of Penicillium chrysogenum to increase the production of penicillin G (9). Phenylacetic acid is also used in perfumes at low concentrations.
Indolyl compounds, including tryptophol (4) culture conditions, we demonstrate that the maximum yield of the antifungal metabolites produced by the strain CTF9
